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COMPLETE SPECIFICATION 

Methods! for Treating 4 Starch 

We, A. E. Staley Manufacturing batch dextrinization process. While a number 
Company, a corporation organised under the of special dextrin cookers and' processes have 
laws of the State of Delaware, United States been proposed, the fact remains that the bulk 
of America, of 22nd and Eldorado Streets, of the dextrin production is still produced by 
5 City of Decatur, State of Illinois, United essentially a conventional batch process in 50 
States of America, do hereby declare the in- essentially a conventional dextrin cooker, 
vention, for which we pray that a patent The conventional batch dextrinization pro- 
may be granted to us, and the method by which cess is inherently very slow and inefficient. If 
it is to 'be performed, to be particularly de- the starch is heated too rapidly, the moisture 
10 scribed in and by the following statement: — evolved condenses on the starch and the en- 55 
The present invention relates to methods for tire batch will be quickly transformed into a 
treating starch and is generally concerned with hard glassy mass which has to be removed 
fiuidizing techniques in dextrinizing starch and from the dextrin cooker by digging and chisel- 
in adjusting the moisture content of starch, ing. Hence, the practice is to heat each batch 
15 More particularly, the invention provides im- of starch very slowly until its temperature is 60 
proved methods for the production of dex- gradually raised to a point where the starch is 
trines from starch and for adjusting the mois- dry and converted to a dextrin. Even after 
ture content of starch when the starch is on a the dextrinization is complete, considerable 
fluidized condition. cooling times are required because of the 
20 Dextrins are manufactured from starch by limited cooling surfaces and low heat transfer 65 
heating dry starch, alone or in the presence of coefficients of the equipment used. The con- 
various catalysts, until a desired change in ventional batch process takes from 3 to 24 
properties, i.e., conversion, has been achieved, hours depending primarily upon the type of 
Chemically, dextrinization is a process for the dextrin prepared. 
25 depolymerization of the starch molecules. It was determined by means of suitable ex- 70 
There are several types of dextrin produced periments that the dextrinization reaction it- 
commercially, depending upon the particular self is not inherently a slow reaction, but, on 
method of manufacture involved When starch the contrary, it is surprisingly rapid one. 
is heated dry with no catalyst added, the re- Thus, when properly acidified dry starch pow- 
30 suiting dextrin products obtained are usually der was spread in a thin layer on a preheated 75 
referred to as " British gums ". Most dextrins metal plate and immediately covered with a 
are manufactured with the use of a small similarly heated plate, it was found that sub- 
amount of acid catalyst such as hydrochloric stantial conversion, i.e. dextrinization, occur- 
acid. Basic catalysts may also be used in the red in^ as little as 30 seconds. Therefore, it 
35 production of dextrins by the dry method. was evident from these experiments that it was 8G 
Conventional processes for producing dex- at least theoretically possible to produce dex- 
trins commercially have remained in use for a trins in a very short period of time if suitable 
number of years, without material change. In means could be provided whereby the tempera- 
general, these commercial processes are of a ture of the starch could be quickly raised to 
40 batch nature and involve heating dry starch in the desired dextrinizing temperature and then 85 
mechanically agitated vessels which are equip- quickly cooled after dextrinization. 
ped with various heating arrangements. United It was unexpectedly discovered according to 
States Patent No. 2,332,345, makes reference the present invention that the dextrinization 
to four general types of dextrin cookers which process could be carried out very practically 
45 have been used to carry out the conventional and quickly in a fraction of the usual time by 90 
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drying, converting and cooling starch while in 
a fluidized condition, and introducing steam 
into the fluidizing gas during at least a por- 
tion of the dextrinizing cycle. By employing 
5 this technique it was possible to design equip- 
ment whereby the heat transfer would be 
such that the starch could be quickly heated 
and cooled without charring or other dam- 
age and at the same time the moisture evolved 
10 from the starch could be vented or removed 
sufficiently fast so as to avoid local condensa- 
tion and resultant formation of balls or lumps. 
Originally, it had not been considered prac- 
tical to fluidize starch since theoretically this 
15 would be impossible on the basis of Stokes 
Law. Thus, according to Stokes Law the set- 
ting rate of the largest starch cell (i.e., 20 
microns) would be about 0.056 feet per second. 
Theoretically, with velocities of fluidizing ^as 
20 at or above this value the starch would be 
blown out of the vessel. However, contrary to 
what should have been expected, it was dis- 
covered that ga« velocities even ten times as 
great as the Stokes Law maximum would not 
25 result in undue amounts of starch being blown 
from the vesseL By means of experiment it 
was ascertained that the gas velocities re- 
quired for uniform fluidization and also for 
satisfactory moisture venting or removal of 
30 moisture from the starch did not blow or con- 
vey excessive amounts of starch out of the ves- 
sel, Stokes Law to the contrary notwithstand- 
ing. Furthermore, most of the starch entrained 
at the higher velocities could be easily sepa- 
35 rated and returned. By re-cycling the fluidiz- 
ing gas, all of the entrained starch would be 
returned to the bed. 

These unexpected findings were verified first 
with laboratory apparatus wherein it was found 
40 possible to uniformly dextrinize a batch of 
starch by the fluidization technique in a mat- 
ter of 10 — 20 minutes, depending on the de- 
gree of dextrinization desired. Thereafter 
semi-commercial production apparatus was de- 
45 signed and successfully operated for the manu- 
facture of dextrins by the fluidization tech- 
nique of this invention. Ix was established 
therein that the process could not only be car- 
ried out rapidly but also very umformly and 
50 that it was highly flexible with regard to the 
addition of acid or other catalyst, drying, 
neutralizing, moisture-conditioning, and blend- 
ing of small amounts of other ingredients such 
as borax. Therefore, as a net result of the 
55 invention, it is entirely possible to effect very 
large economies in the initial cost of a dex- 
trinizing plant, and to produce an improved 
quality of dextrin of any desired type or 
grade. Because the process is easily controlled, 
60 and fire and explosion hazards can be reduced 
to a minimum, the process may be carried out 
very efficiently with a minimum of supervision 
and operating expense. 

The term " fluidization " or the expression 
" fluidized condition " is commonly under- 



stood in the chemical processing art to refer 
to and designate that condition in which a 
powdered or granulated material is suspended 
by means of passing a gas upwardly there- 
through at appropriate velocity whereby die 70 
body of powdered material resembles in ap- 
pearance and for many purposes a true fluid 
or liquid. The fluidization technique has been 
applied rather extensively in the petroleum re- 
fining industry wherein various catalysts in the 75 
form of fine dry powders are fluidized in col- 
umns and gases and vapors are passed there- 
through so as to obtain chemical reactions 
therebetween which are catalyzed by a fluid- 
ized catalyst. In that particular process the 80 
fluidized condition makes it possible to obtain 
an extremely high degree of contact between 
the catalyst and the reactant gases or vapors. 
The fluidization techniques has also been ap- 
plied quite extensively in the processing of pul- 35 
Verized coal in order to distill off volatile mat- 
ter from Acidized beds of powdered coal. 

The present invention provides the method 
of treating starch which comprises introducing 
a bed of fluidizable starch powder into a 90 
vessel, maintaining an upward flow of fluidiz- 
ing gas through said bed by introducing the 
gas from beneath said bed and withdrawing it 
from an outlet above the top of said bed, the 
upward velocity of said gas flow being sufficient 95 
to suspend and vigorously agitate the starch 
particles within said bed but insufficient to 
convey a substantial portion of the strach out 
through said upper outlet, heating said bed 
of starch in said agitated condition to dex- 100 
trinizing temperature, maintaining said dex- 
trinizing^ temperature until the desired degree 
of dextrinization is obtained, and introducing 
steam into the flow of gas during at least a 
portion of the dextrinizing cycle. 105 

In accordance with a further embodiment of 
the invention, there is provided the method of 
treating starch which comprises, introducing a 
bed of fluidizable starch powder having a 
moisture content different from a desired 110 
value between zero and higher into a fluidizer 
vessel, maintaining an upward flow of fluidiz- 
ing gas through said bed by introducing the 
gas from beneath said bed and withdrawing it 
from an oudet above the top of said bed, the 115 
upward velocity of said gas flow being suffi- 
cient to suspend and vigorously agitate the 
starch particles within said bed but insufficient 
to convey a substantial portion of the starch 
out through said upper outlet, and maintain- 120 
ing said upward gas flow until the moisture 
content of said starch powder reaches said de- 
sired value, the temperature and moisture con- 
tent of said gas being such as to produce said 
adjustment of moisture content. 125 

The upward velocity of the fluidizing gas for 
the dextrinizing procedure is preferably 0.5 
feet per second. The preferred dextrinizing 
temperature is from about 150 to 400°F. 

While for purposes of illustrating one sped- 130 
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fie, important industrial use of the fluidizing 
techniques of this invention which will be de- 
scribed in connection with the dextrinization 
of the starch in the fluidizing condition, it will 

5 be understood that these fluidizing techniques- 
are not limited to this particular use but have 
much wider application, e.g. 3 the adjustment of 
the moisture content of starch. 
Also, for purposes of illustrating the nature 

10 and the utility of the apparatus it will be de- 
scribed primarily in connection with the dex- 
trinization of starch in the fluidized condition. 

It has been discovered that the addition of a 
fraction of a per cent of tricalcium phosphate 

15 to starch had marked effects on the fluidizing 
of starch powder. Thus, it was discovered that 
the addition or presence of a slight amount 
of oil destroyed the fluidizability of starch 
powder, but that it could be restored by ad- 

20 Hition of a fractional per cent of tricalcium 
phosphate. Also 3 it was discovered that a frac- 
tion of a per cent of starch would substan- 
tially reduce the bulk density of fluidized 
starch. 

25 For purposes of illustration the invention. 
will be described in connection with drying, 
and dextrinizing starch powder in the presence 
of steam during at least a portion of the dex- 
trinizing cycle, in the fluidized condition, al- 

30 though it wiH be appreciated, that is not 
limited to these two uses. 

For a more complete understanding of the 
nature and scope of the invention, reference 
may now be had to the following detailed de- 

35 scription thereof taken in connection with the 
accompanying drawing, wherein: 

Fig. 1 is a diagrammatic view of apparatus 
suitable for practicing the invention on a 
commercial production basis; and 

40 Fig. 2 is a side elevational view of one of 
the heating coils or plates disposed in the ves- 
sel in the apparatus in Fig. 1 wherein a bed of 
starch is fluidized. 
Referring now to the drawing, a vertical 

45 cylindrical vessel is designated at 5 and it is in 
this that the starch is fluidized and the dex- 
trinization and related steps conducted. The 
bottom of the vessel 5 is provided with a coni- 
cal section 6 at the bottom of which is located 

50 a perforated aeration plate or grate 7. In one 
construction, which proved to be very satis- 
factory in operation, the vessel 5 had a dia- 
meter of 3 feet and a height of 13 feet. The 
conical section 6 had a height of 5.51 and 

55 tapered from the 3 foot diameter at the top to 
a diameter of 8 inches at the bottom. The aera- 
tion plate 7 was provided with forty-one 3/8 
inch holes suitably arranged so as to give an 
equal distribution, of the fluidizing gases pass- 

60 ing upwardly therethrough. 

■Starch and other desired materials are char- 
ged into the vessel 5 through a charging hopper 
8 located adjacent the top of the vessel. The 
hopper spout is provided with a slide type 

65 valve 10 which remains closed except when 



the vessel 5 is being charged. It will be ap- 
preciated that other types of feeding arrange- 
ments could be used, including those with air 
locks or screw conveyors so that materials 
may be fed into the vessel 5 without shutting 70 
off the fluidizing gas. 

The vessel 5 is provided with- an indicating 
thermometer 11 and may be provided with 
other suitable equipment such as pressure 
gauges, sight windows, and, if desired, var- 75 
ious automatic recording devices for recording 
temperatures, pressures and humidities. A 
sampler 12 is provided on the side of the coni- 
cal section 6 whereby small samples of the 
contents of the dextrinizer may be removed 80 
from time to time for testing. The conical sec- 
tion 6 is also provided adjacent the bottom 
thereof with a packing out or discharge spout 
13 provided with a suitable slide valve 14 
which will be normally closed and will be 85 
open when the contents of the vessel are 
being discharged into bags or other suitable 
containers. 

In order to heat the fluidized starch within 
the vessel 5 during the drying and dextriniz- 90 
ing steps, and to subsequently cool and con- 
dition it, a plurality of heat exchangers 15 — 15 
are suitably mounted within the vessel 5. Each 
of the heat exchangers 15 may be flat and 
generally rectangular in form and made up of 95 
a number of vertical tubes 16 (Fig. 2) joined 
together at the top and bottom by headers 17 
and 18 having projecting connections, as 
shown. Steam or water or any other heating 
or cooling fluid may be introduced into the 100 
heat exchangers 15 and circulated therethrough 
in either direction, as desired. It will be un- 
derstood that many other types and designs of 
heating (or cooling) devices may be used. Five 
connections for introducing heating steam (and 105 
for withdrawing cooling water) into the units 
15 are designated at 19 — 19 while five connec- 
tions for introducing cooling water (and for 
removing condensate or cooled steam) are in- 
dicated at 20—20. The bottom ends of the 110 
pipes 19 may be connected to the upper header 
17 and the bottom ends of the pipes 20 may 
be connected to the bottom header 18. The 
outer ends of the inlet connections 19 are all 
connected to an external header pipe 21. A 115 
steam supply line 22 provided with a valve 23 
is connected to the header 21 as is also a 
cooling water discharge line 24 provided with 
a valve 25. 

A header 26 is provided which is connec- 120 
ted to each of the lines 20. Adjacent one end 
the header 26 is connected to a cooling water 
inlet line 27 provided with a valve 28 and 
condensate discharge line 29 provided with a 
valve 30. Outwardly from the valve 30 the 125 
line 29 is provided with a condensate trap 31. 

It will be understood that other types, of heat 
exchanger arrangements and piping connections 
may be used, and that the walls of the ves- 
sel 5 may be provided with heat exchanger 130 



BNSDCCID- <GE._ 



BEST AVAILABLE COPY 



4 



853,828 



surfaces, if desired. 

It has been found that the heat transfer co- 
efficient is about 40 B.T.U. per hour per de- 
gree F., per square foot of heating surface 
5 exposed to the fluidized starch. The heat trans- 
fer coefficient should be considered in con- 
junction with a ratio of heating surface area 
to the weight of the starch. In the apparatus 
described this ratio is approximately 8 square 
10 feet to one hundred points of starch. Such a 
heat transfer coefficient combined with such 
a ratio of heating surface area to the weight 
of the starch permits the attainment of a much 
higher heat flux than is possible in conven- 
15 tional commercial dextrin cookers. However, 
it would not be possible to make use of such 
a high flux if it were not for the fact that 
when starch is heated in the fluidized condi- 
tion there is no difficulty involved in ventting 
20 or removing the moisture as rapidly as it is 
evolved from the starch. In the case of con- 
ventional dextrin cookers, the difficulty of 
venting or removing the evolved moisture 
severely limits the rate at which the batches 
25 of starch can be heated during the drying 
phase of the dextrinizing cycle. 

While 3 after the drying phase, the heating 
rate in conventional starch dextrinizers is no 
tanger limited by venting considerations, it is 
30 limited by the ratio of heating surface to the 
weight of starch. In one common prior art 
starch cooker or dextrinizer which holds about 
2500 pounds of starch, this ratio is about 4 
square feet of heating surface per one hundred 
35 pounds of starch, which is approximately 
one-half of the same ratio for the fluidizer 
vessel 5 shown in Fig. 1 of the drawing. Ac- 
cordingly, even after the drying phase it is 
possible in the fluidizer vessel 5 to heat the 
40 starch at approximately twice the rate that it 
can be heated in a conventional batch cooker 
or dextrinizer. 

'While the heating surface ratio in the fluid- 
izer vessel 5 is approximately twice the ratio 
45 for a conventional starch cooker or dextrinizer 
the cost is little if any more since it is pos- 
sible to obtain this heating area by means 
of internal heat exchanger units at approxi- 
mately one-half the cost per square foot of 
50 equivalent heating area in the form of a jack- 
eted heating surface as used in conventional 
cookers. In addition to the substantial sav- 
ings in cost, it is also possible with the use of 
internal heating units to maintain or even ex- 
55 ceed the ratio of about 8 square feet heating 
surface per one hundred pounds of starch re- 
gardless of the vessel size, Whereas, in the 
conventional, jacketed starch cooker the ratio 
of 4 square feet per one hundred pounds is 
60 approximately the maximum and with larger 
sized vessels this ratio drops off for geometrical 
considerations involving surface to volume 
ratios. Accordingly, as the result of the great 
differences in the heating capacities involved, 
65 a single practically sized fluidizer vessel may 



have, for example, a dextrin output capacity 
equal to that of 16 conventional sized (2500 
pounds) starch cookers and four associated 
coolers. This results in large initial investment 
savings in equipment and buildings as well as 70 
continuous large savings in operating labour 
and maintainance (i.e. one machine vs. twenty). 

In the drawing the means for circulating 
hot or cool fluidizing gas through the vessel 5 
includes an air heater 32 of known type, the 75 
discharge opening of which is connected by 
means of a conduit 33 to the inlet connection 
of a suitable blower or fan 34. The discharge 
connection of the blower 34 is in turn con- 
nected by means of a conduit 35 to the inlet 80 
of a second blower 36. The blowers 34 and 
36 may be replaced by a single blower of 
suitable design characteristics. 

The discharge connection of the second 
blower 36 is connected by a conduit 37 with 85 
an inlet connection 38 attached to the bot- 
tom end of the conical section 6 of the 
fluidizer vessel 5. The conduit 37 is provided 
with a Venturi section 39, as indicated, for use 
in measuring the flow rate of the gas. The 90 
conduit 37 is provided with pressure gauges 
and with a regulating damper or control 
valve as indicated at 40. Steam is introduced 
into the fluidizing gas during at least a portion 
of the dextrinizing cycle through a steam inlet 95 
line 66 provided with a valve 67. 

While various catalysts may be used to 
treat the starch and accelerate the dextrinizing 
action with the production of the desired type 
of product, one catalyst that will often be used 100 
is hydrochloric acid. Although the hydro- 
chloric acid or other volatile catalyst could 
be deposited on the starch ahead of time by 
spraying a mixing, it can be conveniently ad- 
ded in the present apparatus by vaporizing 105 
some of the catalyst directly into the fluidiz- 
ing gas. Accordingly, for this purpose, a cata- 
lust evaporator 41 is provided which has a 
steam inlet connection 42 in the bottom and 
vapour oudet line 43 at the top which leads 110 
into the conduit 37. A catalyst storage tank 
44 is provided which has a discharge con- 
nection 45 leading from the bottom thereof 
into the bottom portion of the evaporator 41. 
A pressure balance line 46 connects between 115 
the conduit 37 and the top portion of the stor- 
age container 44 so as to evercome the back 
pressure in the discharge line 45. 

When the catalyst is hydrochloric acid, the 
vaporizer 41 may suitable consist of a Haveg 120 
pipe provided with a tantalum bayonet heater 
indicated in broken line at 47. Various other 
arrangements for introducing a volatile cata- 
lyst into the fluidizing gas may be designed 
and used. " ^ 125 

The means employed for vaporizing hydro- 
chloric acid or other catalyst and adding the 
vapors to the fluidizing gas may also be used 
for vaporizing and adding a volatile neut- 
ralizing agent (e.g. ammonia) to arrest the 130 
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dextrirrizing reaction. If desired, separate 
means may be used for each agent. 

The fluidizing gas is withdrawn or dis- 
charged from the top of the vessel 5 through a 

5 conduit 50 which leads into a multicone sepa- 
rator 51 of known type. The exhaust connec- 
tion of this dust separator 51 is connected by 
a re-cycle conduit 52 to the conduit 33 ahead 
of the connection into the blower or fan 34. 

10 If desired, all or part of the gas discharge from 
the dust separator may be discharged to atmo- 
sphere tihrougb a conduit or vent 53 connected 
with the conduit 52 adjacent the exhaust dust 
collector 51. The vent 53 is provided with a 

15 regulating damper 54 and the re-cycle con- 
duit 52 is likewise provided with a regulating 
damper 55. It will be seen that by proper re- 
gulation of these dampers all of the discharge 
gas or air may be vented to atmosphere, or all 

20 may be re-cycled, or any desired intermediate 
ratio may be obtained. 

The settled or separated dust from the sepa- 
rator 51 discharges into a screwptype conveyor 
56 which is driven by a suitable motor as 

25 indicated at 57. The discharge end of the 
conveyor 56 discharges into the upper end of 
the vessel 5. At the end of the screw a one-way 
valve or air lock 58 is provided which is hinged 
at the top and is forced open by dust issuing 

30 from the end of the screw. Otherwise, the pres- 
sure within the vessel 5 will keep this check 
valve or air lock 58 in the closed condition. 
If desired, a conveyor similar to the conveyor 
56 may be used in connection with the hopper 

35 £ to feed starch into the vessel 5. 

While the apparatus as described will oper- 
ate very satisfactorily, its flexibility may be 
increased by incorporating additional features. 
Thus, a condenser and cooler 50 of known de- 

40 sign is provided in a branch line 60 provided 
with a control valve 61 which is operated in 
conjunction with a control valve 62 in the re- 
turn Kne 52. All or part of the re-cycled fluid- 
izing gas may be cooled and the moisture con- 

45 densed therefrom on passing through the unit 
59. It is sometimes desirable to spray a cata- 
lyst agent or other material directly into the 
fluidizer vessel 5. Accordingly, a spray nozzle 
63 is located in the top thereof on the bottom 

50 of an inlet pipe 64 provided with a valve 65. 
If all or part of the fluidizing gas is being 
vented, additional gas may be drawn into the 
system either through the intake 70 to the 
heater 31 or the intake 71 into the blower 34. 

55 The intake 70 is provided with a control 
damper 72 while the intake 71 is provided with 
a control damper 73. These dampers will be 
set as desired. 

In operation the vessel 5 is first loaded or 

60 charged with up to a ton of powdered starch 
of commercial moisture content, e.g. 10 — 
13%. The blowers 34 and 36 are started and 
the control valve 40 is adjusted to give an 
air flow which will properly fluidize the starch 

65 in the vessel 5. When desired, air or other 



fluidizing gas may be initially heated to the 
desired temperature by drawing it through 
the heater 32. Preheating the air in the initial 
stages avoids condensation on the upper walls 
of the fluidizing vessel 5 and in the ducts dur- 70 
ing the early stages. In order to obtain the 
proper type of fluidization, the air flow must 
be such mat it will ensure fluidization of the 
entire contents of the vessel so that there are 
no large dead spots or non-fluidized areas. At 75 
low flow rates of the fluidizing gas, only the 
centre core of the bed of starch is fluidized. 
As the flow rate increases the zone of fluidiza- 
tion expands until the entire bed becomes 
fluidized. It is visualized that their may be 80 
two types of fluidization. In one, each of the 
starch particles oscillates or dances around only 
in its immediate neighbourhood and there is 
no general transport or movement of the par- 
ticles in the fluidized bed from one location 85 
to another. This fluidized condition is not 
considered satisfactory for the purposes of 
this invention. In the second type" of fluidiza- 
tion, the particles are rapidly oscillating 
and they are also being transported by a 90 
general movement from one location to an- 
other. It is necessary to achieve and main- 
tain this second type of fluidized condition 
in order to obtain optimum results. 

The upper limits of the flow rate of the 95 
fluidizing air or gas is determined by the velo- 
city at which the contents of the vessel tend to 
be conveyed out or Llown out therefrom. This 
Js referred to as the conveying velocity. Gener- 
ally it is preferred to operate below the upper 100 
limns since the power costs increase sharply 
with increased flow rates. Furthermore, as the 
flow rate increases there is an increase in dust 
entrainment. Even though fluidized beds are 
notable for a high degree of temperature uni- 105 
formity 5 the uniformity is not perfect. There- 
fore, the dew point of the air within the fluid- 
v ized bed must be maintained above the tem- 
perature of the coldest starch therein. Other- 
wise, if the flow rate of the air or other fluid- 110 
izing gas is too low for the rate of heat input 
(or rate of evaporation of moisture from the 
starch) a the dew point of the air may fall low 
enough so that the moisture condenses on the 
cool starch localities and form balls of starch. 1J5 
Actually, the apparatus has sufficient flexi- 
bility so that a proper relationship of flow rate 
of the fluidizing gas to the heat input may be 
readily obtained intermediate the maximum 
flow rate and minimum flow rate. 120 

After the blowers 34 and 36 have been star- 
ted, steam is introduced into the coils 15 by 
opening the valve 23 in the steam supply 
line 22 and opening the valve 30 in the con- 
densate discharge line 29. Steam pressures in 125 
the order of about 150 p.s.i.g. (pounds per 
square inch gauge) are suitable. After the tem- 
perature of the starch reaches about 225 °R, 
the hydrochloric acid vaporizer 41 is placed 
in operation so as to vaporize the acid into 130 
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the air stream. For example, sufficient 20° 
Be. acid may be volatilized so that sufficient 
HC1 is evaporated to equal to 0.1% of the 
weight of the starch. The conditions within 

5 the vessel 5 are followed as the conversion 
proceeds and samples are removed from rime 
to time for checking purposes. When the 
proper degree of conversion of dextrinization 
has been obtained, depending upon the particu- 

10 lar dextrin product being produced, the re- 
action may be quickly arrested by introducing 
ammonia into the fluidizing gas so as to neut- 
ralize the starch. Thereafter, the steam is shut 
off and cooling water is introduced into the 

15 coils 15. After the starch has been cooled to 
the proper temperature, e.g. 150 — 170°F., the 
flow of fluidizing air or other gas is reduced 
from 200 cfjn. (cubic feet per minute) to 
form 20 — 50 c£m. and the dextrin is dis- 

20 charged in^ bags or other containers through 
the discharge spout 13. 

If it is desirable to blend in with a dextrin 
a small amount of another material, e.g. borax, 
the blending may be readily accomplished in 

25 this apparatus by temporarily shutting off the 
fluidizing air and introducing the borax or 
other material into the vessel through the 
charging hopper 8. Thereafter, the contents of 
the vessel are again fluidized and a uniform 

30 blend is obtained in the matter of a minute 
or so. 

Prior to and during the dextrinizing pro- 
cess, the moisture content of the starch is re- 
duced to about 1 — 4%. On standing, the 

35 finished dextrin will take on moisture until 
an equilibrium condition is reached. However, 
if desired, the moisture content of the dextrin 
may be immediately adjusted following the 
dextrinization process in this apparatus. The 

40 moisture may be readily added by introduc- 
ing steam into the air or other fluidizing gas 
while the dextrin is maintained in a fluidized 
condition. For example, the fluidizing air may 
be humidified by the introduction of steam to 

4a a dew point of, say, 110°F. and the cooling 
water tempered to an inlet temperature of 
about 120°F. so as to prevent condensation 
on the surfaces of the heat exchanger. The 
fluidization may then be continued until the 

50 dextrin has acquired the desired moisture ad- 
dition. 

Savings in heat can be achieved by re-cycling 
the fluidizer exit gases. Unless the moist fluid- 
izing gas is passed through the condenser 59, 

55 re-cycling should not be started until the starch 
has been adequately dried, since in the early 
stages of the operation of air serves to vent 
and remove the moisture which is evolved 
from the starch. However, when the starch 

60 reaches a temperature of about 300 — 325 °F., 
it is almost bone dry and then the air may 
be re-cycled since the humidity of the fluid- 
izing gas or air at that temperature is too low 
to have an effect on the dextrinization reac- 

65 tion. During re-cycling it is possible to by- 



pass or shut down the dust separator since 
there is no dust loss. The re-cycle operation 
makes it possible to economically use an 
inert gas, in place or air, as the fluidizing med- 
ium. For example, flue gas, carbon dioxide, 70 
or nitrogen may be used. Such inert gases 
eliminate fire and dust explosion hazards. 

The apparatus and process are fast in all 
phases of the dextrinizing operation. Thus, it 
is possible to dry starch and bring the starch 75 
up to a temperature of 360°F. in less than an 
hour's time depending upon the pressure of the 
steam, whereas in a efficient type of conven- 
tional dextrinizer it requires between 6 to 8 
hours to reach the same temperature. The 80 
steam is used to prevent case-hardening of the 
particles caused by too rapid evaporation. In 
addition, the cooling rate is equally fast and it 
is possible to cool the dextrmized starch in 
fluidized condition down from 300°F. to a 85 
temperature of 180°F. in approximately 9 
minutes whereas to cool the starch in a con- 
ventional dextrinizer through the same tem- 
perature range requires ten times as long, i.e. 
90 minutes. 90 

Furthermore, if it is necessary to blend or 
mix any additional ingredients such as borax 
in with the dextrin, uniform blending may be 
obtained very quickly in a matter of only a 
minute or two as against a much longer time 95 
required in ordinary mixing equipment 

In general, it is impossible to carry out 
complete dextrinizing processes in the ap- 
paratus shown and described in connection 
with Fig. 1 of the drawing in about \\ to 4 100 
hours, which would require 6 to 12 hours to 
carry out in a conventional batch-type dex- 
trinizer or dextrin cooker. By increasing the 
heating surfaces in the vessel 5, which can be 
done practially and economically, the conver- 105 
sion time can be reduced to a few minutes for 
dextrins requiring 6£ to 8 hours in conven- 
tional equipment. This again brings out the 
fact that the dextrinizing reaction is itself a 
rapid one and that the very prolonged times 110 
required with conventional equipment are due 
to limitations imposed on the rate of applying 
heat to the starch. This limitation, in turn, is 
due to the inability to vent or remove the 
moisture as rapidly as it is evolved from the 115 
starch and the practical difficulties involved in 
extensively supplementing the jacketed heat 
transfer surfaces of mechanically agitated 
vessels. 

According to careful calculations, it has been 120 
found that by using the fluidizing process of 
this invention, it is possible to effect about 
an 8-fold reduction in building volume and 
about a 4 to 5-fold reduction in equipment in- 
vestment. In addition, the operating cost per 125 
unit of dextrin produced is reduced many fold. 
Added to these economic advantages is the 
greatly increased flexibility made possible and 
the improvement of product achieved through 
this flexibility and the fine degree of control 130 
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which is made possible. 

It will be apparent to those skilled in the 
art that a number of modifications may be 
made in the fiuidizing apparatus and mode of 

5 operation thereof as described above and 
shown in the accompanying drawing. With re- 
spect to the apparatus, it will be apparent that 
the vessel 5 can be provided with a heating 
jacket in order to add additional heating sur- 

10 faces, and various designs of heat exchanger 
units may be used. 

With regard to changes in operation, the 
catalyst may be added in several different 
forms and manners. For example, dilute hydro- 

15 chloric acid may be sprayed onta the fluidized 
contents of the vessel 5 by means of the spray 
nozzle 63. Other liquid catalysts and neutral- 
izing agents may be added in the same man- 
ner. It is also possible to employ solid cata- 

20 lust and neutralizing agents. For example, in- 
stead of using ammonia gas for neutralizing, 
solid ammonium carbonate or bicarbonate may 
be added through the charging hopper 8. By 
providing this hopper with an air lock or 

25 star feeder, it is possible to add the neutraliz- 
ing agent without discontinuing the fluidization 
process. The solid neutralizers become rapidly 
blended with the starch before they become 
volatilized. 

30 The properties of the dextrins are affected 
by the moisture content of the fiuidizing gas. 
Therefore., steam is introduced through the 
line^ 66 during at least a portion of the dex- 
trinizing cycle, i.e. during and/or after the 

35 drying phase and also during and/or after the 
dextrinizing phase. In one embodiment of the 
invention, corn starch was dextrinized as de- 
scribed above in the apparatus shown in the 
drawings with 60% steam by volume being 

40 added to the fiuidizing gas so as to effect an 
additional lowering of the dextrin paste vis- 
cosity. At the end of the dextrinizing step the 
steam was slowly shut off and the resulting 
dextrin was cooled as described above. 

45 In still another embodiment of the inven- 
tion making use of the apparatus shown in the 
drawings, after the starch was fluidized and 
dried, the HOI catalyst was vaporized into the 
fluidized charge at 300 — 400°F. and the tem- 

50 perature held until the desired degree of con- 
version was obtained. The dextrinized starch 
was then cooled in fluidized condition to 
180 — 275 °F. whereupon it was st eame d to re- 
duce the viscosity still further. When the de- 

55 sired reduction in viscosity was obtained, the 
steam was shut off and the starch was cooled. 
This particular technique tends to produce 
Kghter colored dextrins of good viscosity stab- 
ility. 

60 If desired as much as 100% steam may be 
used as the fiuidizing gas so long as the starch 
or dextrin temperature remains above the dew 
point. Otherwise, there is condensation and at- 
tendant lump formation as described above. 

65 The entire process may be carried out by 



use of an inert gas such as flue gas, or nitro- 
gen or carbon dioxide. La this case the re- 
cycled gas will be passed through the cooler 
and condenser 59 during the drying phase in 
order to remove moisture from the gas and at 70 
the same time cool the gas and thereby reduce 
the load on the blowers 34 and 36. Instead of 
using inert gas throughout the entire process, 
air may be used during the drying phase and 
this will be vented to the atmosphere. When 75 
the drying phase is completed, then the system 
may be purged with an inert gas, after which 
the remainder of the process is carried out by 
re-cycling the gas. Even after the drying phase 
is completed, the re-cycled gas may be passed 80 
through the cooler 59 in order to cool the gas 
and thereby increase the efl&cieacy of the 
blowers. 

^ Besides blending in such additives as borax, 
it was discovered that the addition of a very 85 
small per cent of tricalcium phosphate, or a 
similar material, was desirable from several 
standpoints. While all commercial starches 
that have been tried fluidized equally well, it 
was discovered that the addition or presence 90 
of an extremely small amount of oil on the 
starch (in the order of a few hundredths of 
1%) substantially destroyed the fluidized abi- 
lity of the starch and therefor rendered the 
present process completely inoperable. While 95 
it appears to be unlikely that a non-fluidizable 
starch would be encountered commercially be- 
cause of the presence of oil, it was discovered 
that the condition could be easily corrected 
if it should arise, simply by the addition of a 100 
few hundredths of a per cent of tricalcium 
phosphate to the starch. The exact amount of 
tricalcium phosphate to be added depends 
upon the nature of the starch and) its oil con- 
^PJ: . Ir was also discovered that the 105 
addition of tricalcium phosphate had an- 
other interesting and advantageous effect in 
fluidized systems even where there was 
no oil and it does not have to be 
added to render the starch fluidizable. Thus, it 1 10 
was discovered that the addition of about a 
traction of a per cent of tricalcium phosphate 
(e.g. 0.1% based on the weight of the starch) 
substantially reduced the bulk density of the 
fluidized starch. Therefore, it was possible to 115 
decrease the weight of fluidized starch occu- 
pying a given volume and so increase the ratio 
of heating surface to weight of starch. The 
addition of tricalcium phosphate also permits 
the use of less fiuidizing air for a given weight 120 
of starch and results in a saving of power for 
•blower operation. 

In addition to its use in dextrinizing starch, 
it was found that the same apparatus could 
be used for re-drying starch. This was done 125 
by maintaining a body of heated fluidized 
starch m the fiuidizing vessel and then feed- 
ing to it starch containing say 15% moisture. 
By withdrawing an equivalent amount of dried 
starch the drying process can be made con- 130 
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tinuous. 

Where the starch bed is too wet to fluidize 
by itself, as for example in a cake from a 
centrifuge or filter, it may be pre-mixed with 

5 a portion of previously dried starch, the mix- 
ture passes through a mill to break up the 
lumps and to ensure thorough mixing and the 
mixture fed to the body of heated fluidized 
starch. In this manner a very efficient method 

10 of continuously drying starch is made possible 
where the starch is too wet to be fluidized. 

The fluidized bed of starch may be heated 
to hasten the drying action, the upward gas 
flow maintained until the moisture content of 

15 the starch powder is reduced to the desired 
value, and the temperature of the gas main- 
tained above the dew point to prevent mois- 
ture condensing on the starch particles. 

In one embodiment of the invention, the 

20 fluidizing gas may be recirculated and sufficient 
moisture removed therefrom prior to re-intro- 
duction beneath the fluidized bed to compen- 
sate for the moisture removed from the starch. 
Alternatively, the fluidizing gas may be ini- 

25 tially vented while a portion of the drying 
is accomplished, and then recirculated as 
above until the drying is completed. 

The term " starch " as used herein includes 
not only corn starch which has the greatest 

30 commercial importance, but also other types 
of starch such as tapioca, sago, wheat, potato, 
rice, sorghum and waxy maize. 
WHAT WE CLAIM IS: — 

1. The method of treating starch which com- 
35 prises introducing a bed of fluidizable starch 

powder into a vessel, maintaining an upward 
flow of fluidizing gas through said bed by in- 
troducing the gas from beneath said bed and 
withdrawing it from an outlet above the top 

40 of said bed, the upward velocity of said gas 
flow being sufficient to suspend and vigorously 
agitate the starch particles within said bed but 
insufficient to convey a substantial portion of 
the starch out through said upper outlet, heat- 

45 ing said bed of starch in said agitated con- 
dition to dextrinizing temperature, maintain- 
ing said dextrinizing temperature until the de- 
sired degree of dextrinization is obtained and 
introducing steam into the flow of gas during 

50 at least a portion of the dextrinizing cycle. 

2. The method of claim 1, in which said 
bed of starch is heated to the dextrinizing tem- 
perature by maintaining heated surfaces with- 
in said bed, and after the desired degree of 

55 dextrinization is obtained the bed of agitated 
starch is cooled by maintaining cooling sur- 
faces within said bed. 

3. The method of claim 1 or 2, wherein 
catalyst for the dextrin conversion is yapor- 

60 ized and introduced into the gas which is 
passed upwardly through said bed. 

4. The method of claim 1 or 2, wherein 
dextrinizing catalyst is sprayed onto the 
starch while in an agitated condition. 

65 5. The method of claim 1 or 2, wherein a 



small per cent based on the weight of the 
starch of HC1 in the form of dilute hydro- 
chloric acid vapor is uniformly introduced into 
the starch while in an agitated condition and 
wherein after the desired degree of dextrin- 70 
ization is obtained the dextrin conversion is ar- 
rested by the introduction of ammonia into the 
agitated starch in sufficient quantity to neut- 
ralize the acid catalyst. 

6. The method of claim 1 or 2, wherein 75 
when the temperature of the agitated starch 
bed reaches dextrinizing temperature hydro- 
chloric acid vapor is introduced into the gas 

in an amount which on a dry basis weight is 
equal to approximately 0.1% by weight of the 80 
starch, and wherein when sufficient conversion 
has been obtained ammonia gas is introduced 
into the gas so as to neutralize the acid remain- 
ing in the starch and arrest the dextrinizing 
reaction. 85 

7. The method of claim 1 or 2, wherein an 
acidic catalyst for the dextrin conversion is in- 
troduced into the starch while in an agitated 
condition and wherein the dextrin conversion 

is arrested by blending into the agitated 90 
starch ammonium carbonate and/or ammon- 
ium bicarbonate. 

8. The method of claim 1 or 2, wherein at 
the beginning of the process at least a portion 

of the gas withdrawn from said vessel is yen- 95 
ted until the starch is dried and the gas with- 
drawn from said vessel is thereafter recycled 
during the dextrinizing and cooling phases. 

9. The method of claim 1 or 2, wherein at 
least a portion of the gas withdrawn from said 100 
vessel is re- cycled and water vapor therein de- 
rived from the starch in condensed therefrom 
prior to return of the re-cycled gas to the bed 

of starch. 

10. The method of claim 1 or 2, wherein 105 
air is initially used to agitate and suspend 
said starch bed and is vented after exiting 
from said vessel until the starch is dried and 
wherein thereafter inert gas is used for agitat- 
ing and suspending said bed of starch and the 110 
same is re-cycled. 

11. The method of claim 1 or 2, wherein 
entrained starch dust is separated from the gas 
exiting from the bed of agitated starch and 

the separated starch returnd to said bed of 115 
agitated starch. 

12. The method of claim 1 or 2, wherein 
said bed of starch in agitated condition is 
first heated to an elevated dextrinizing tem- 
perature, is then cooled to a substantially lower 120 
dextrinizing temperature and maintained at 
said lower temperature while said gas passing 
therethrough contains at least a substantial pro- 
portion of steam until a predetermined re- 
duction in paste viscosity is achieved, and then 125 
cooling said agitated bed of starch below dex- 
trinizing temperature. 

13. The method of claim 12, wherein said 
elevated dextrinizing temperature is in the 
range of about 300 to 400°F. and said lower 130 
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dextrinizing temperature is in the range of 
about 1*80 to 275°F. 

14. The method of any of claims 1 to 3, 6, 
or 8 to 12, wherein the upward velocity of the 

5 gas is about 0.5 feet per second. 

15. The method of any of the preceding 
claims, wherein the starch is heated to a dex- 
trinizing temperature of from about 150 to 
400°F. 

10 16. The method of treating starch which 
comprises, introducing a bed of fluidizable 
starch powder having a moisture content dif- 
ferent from a desired value between zero 
and higher into a nuidizer vessel, maintain- 

15 ing an upward flow of fkiidizing gas through 
said bed by introducing the gas from be- 
neath said bed and withdrawing it from an 
outlet above the top of said bed, the upward 
velocity of said gas flow being sufficient to 

20 suspend and vigorously agitate the starch par- 
ticles within said bed but insufficient to con- 
vey a substantial portion of the starch out 
through said upper outlet, and maintaining 
said upward gas flow until the moisture con- 

25 tent of said starch powder reaches said de- 
sired value, the temperature and moisture con- 
tent of said gas being such as to produce said 
adjustment of moisture content. 

17. The method of claim 16, in which the 

30 fluidized bed of starch is heated to hasten 
the drying action, the upward gas flow is main- 
tained until the moisture content of the starch 
powder is reduced to said desired value, and 
the temperature of said gas is maintained 

35 above the dew point thereof. 

'18. The method of claim 16 or 17, wherein 
said gas is recirculated and sufficient 
moisture is removed therefrom prior to re-in- 
troduction beneath, said bed to compensate for 

40 moisture removed from said starch. 

il9. The method of claim 16 or 17, wherein 
said gas is initially vented while a portion of 



the drying is accomplished and thereafter is 
re-circulated until said drying is completed, 
sufficient moisture being removed during said 45 
re-circulation to compensate for moisture re- 
moved from said starch. 

20. The method of claim 16 or 17, wherein 
undried starch is added to said fluidized starch 
bed and a substantially equal amount of dried 50 
starch is removed. 

21. A method according to any of claims 
16 to 20, of drying wet starch powder having 
such a high moisture content that it cannot be 
fluidized, which comprises blending said wet 55 
starch powder with dried starch powder, in- 
troducing the resulting blend into the fluidized 
starch bed, and removing sufficient dried starch 
from said bed to compensate for said addition, 

the temperature of said gas being maintained 60 
above its dew point. 

22. A method according to claim 16, of in- 
creasing the moisture content of starch powder 
to be desired moisture content in which said 
upward gas flow is maintained until the mois- 65 
ture content of said starch powder is in- 
creased to said desired value, the moisture con- 
tent of said gas being maintained at a level 
whereat the fluidized starch takes on mois- 
ture therefrom. 70 

23. The method of claim 22, wherein said 
gas is recirculated through said bed of starch 
powder and steam is added to said recircu- 
lated gas to compensate for that taken on by 
said starch powder. 75 

24. The method of treating starch in ac- 
cordance with any of claims 1 to 23, wherein 
a small amount of dry calcium phosphate is 
added to the starch. 

STEVENS, LANGNER, PARRY 
& ROLLINSON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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